Int. J. Morphol.,
43(3)954-961, 2025.

Effects of a Specific Supplementation on the
Recovery of the Professional Football Player

Efectos de una Suplementacion Especifica en la Recuperacién del Futbolista Profesional

Antonio Molina-Lopez25 Pedro Estevan-Navarré# Alvaro Leo-Romero?; Heliodoro Moya-Amaya?
Daniel Rojano-Ortega; Elena Casanova& Francisco Jose Berral -De -La -Rosa

MOLINA-LOPEZ, A.; ESTEVAN-NAVARRO, P.; LEO-ROMERO, A.; MOYA-AMAYA, H.; ROJANO-ORTEGA, D.; CASANOVA,
E. & BERRAL-DE-LA-ROSA, F. J. Effects of a specific supplementation on therecovery of the professional football phayér.
Morphol., 43(3)954-961, 2025.

SUMMARY: During the 38-40 weeks of a championship, a professional football player is confronted with numerous high-intensity
training sessions with high physical and mental stress. This situation requires constant adaptation to the trainingnegitdessahddule.
Performance can be quantified by biochemical biomarkers and physiological, morphological and physical parameters. In #his study
specific supplement was developed to improve post-training recovery using components developed to improve the antioxidant, anti
inflammatory and immunological profile. The study was conducted during 4 weeks of competition in an Italian first divisadnéant
comprising 28 professional players. Two groups were established, one taking the product (n = 15) and the other takingnael&%ebo (
Before and after the intervention, biochemical analyses and laboratory tests (dual-energy X-ray absorptiometry) were.comoioitded
changes. The training sessions were controlled with a GPS to monitor the physical load. After the intervention, an imjorpeeanesiers
related to iron metabolism was observed. No significant improvements associated with the intervention could be estaloitshed in b
composition values or hiomarkers related to oxidative stress or inflammation.
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INTRODUCTION

Professional football players have changed their The number of matches a professional football team
physical condition in recent years to become monasually plays is 1-3 per week (Dja@tial., 2017), with many
competitive. Players manage their lifestyles with a diet arrdgh-intensity actions and accelerations/decelerations followed
supplementation adapted to the physical demands of trainimgshort recovery periods (Marqués-Jiméatal, 2017).
and matches.

These high physical demands cause changes at the

Afootballer’s normal activity during a season occursnuscular, endocrine and immune system levels, so it is
over 38—-40 weeks and is characterized as a mixed sport wiltessary to understand that post-match and post-training
high-intensity acyclic actions (Molina-Lépet al, 2022). recovey strategies are essential (Saitial, 2021). Studies of

markers, objective and subjective, such as heart rate, have

In the current scenario, improved monitoring ofjained special importance based on the rate of perceived
training and matches helps better understand efforts, wigkertion, GPS data and saliva and blood analysis (Dgtoui
the speed of play being around 15 % higher than in recet, 2017).
years (Asimakidiset al, 2024). The distance a footballer
typically covers during a match ranges from 9816 to 12277 In addition to fatigue and nutrient deficiency,
m, of which 681 to 881 m are at a high speed of around Badequate post-match recovery can cause alterations in the
km/h or more (Collingt al., 2021). immune response (Marqués-Jimérmdzal, 2017). Thus,
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specific supplements are administered, and the timing, typempetitive season. The hypothesis of this work is that the
of food and supplementation administered are important fepecific recovery product will produce an improvement in
an effective response (Rojano-Ortegal., 2021). some values related to recovery, oxidative stress or
inflammation. However, no major changes were expected
Currently, various performance markers are usedue to the period studied.
including biochemical ones, which enable monitoring of the
body’s response to training loads (Doeetal, 2018). Thus, MATERIAL AND METHOD
blood data collection is routinely performed in football teams,
and a consensus exists on administering essential metaboli@siup Selection.All the selected subjects were aged over 18
micronutrients such as iron or vitamin D to the player (Collinand belonged to the first team of Udinese Calcio of the Italian
et al, 2021), since deficiency of both is common amonfpotball league. The sample comprised 28 players (n = 28).
athletes. The main mechanisms by which sport causes ifdp players were excluded during the study, which was
deficiency are increased demand, high loss and the blockagaducted between November and December 2023.
of absorption due to hepcidin concentrations (&ial, 2019).
Inclusion criteria: Players who are permanent members of
However, strenuous physical exercise leads tthe team in any of the playing positions (goalkeepers,
increased production of reactive oxygen species, generatiefenders, midfielders, forwards, etc.) and are not injured. For
oxidative stress in cellular structures, which negatively impadisis last criterion, it was assumed that the player was available
performance (Rojano-Orteget al., 2021). Although for training and matches during the 4 weeks.
supplementation with antioxidants (e.g. vitamin C, vitamin
E, and N-acetylcysteine [NAC]) can have positive effects, Exclusion criteria: Players awaiting loan, injured players,
has also been observed that high doses of Vitamin C or Vitansilayers removed from the first team and youth players were
E can be counterproductive, generating a pro-oxidant effeopt selected for the study.
which can cause muscle damage, decreased performance, poor
adaptation to training and perceived muscle pain (RagfersGroup Distribution. The groups were randomly assigned:
al., 2023).
- Intervention group, which took one dose (one sachet) of the
The body composition of professional football players product 4 days per week during 4 weeks. This group
has changed over the last few years, with their somatotypeomprised 15 players (n = 15).
migrating in recent decades from an endo-mesomorphic to aGontrol group, which took the placebo product (one sachet)
ecto-mesomorphic profile (Moya-Amayet al., 2022). 4 days per week during 4 weeks. This group comprised 13
Furthermore, periods of only one month may be sufficient toplayers (n = 13).
show changes in the phase angle in relation to cellular health,
as well as changes in the lean mass of the lower limbs (Molina- ~ Both groups continued with the basic supplementation
Lépezet al, 2022). program pre-established by the club’s nutritionists. The
supplements selected to produce the basic supplementation
This paper studies the effects of taking a specifigrogram, which the players took before and during the
recovery compound on parameters related to bodiytervention period, were Omega-3, a multivitamin with water-
composition, oxidative stress or inflammation in aoluble vitamins and minerals, vegetable proteins, creatine,
professional footbhall team over a 4-week period during thggutamine, Q10, magnesium, probiotics and turmeric.

4 weeks of supplementation (intervention)

Control group (N=13 players)
Intervention group (N=15 players)

v

Blood Test Blood Test
Fig. 1. Study Intervention.
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Intervention. An intervention was conducted with a This study was approved by an ethics committee
recovery product and a placebo, administered after the pastd conducted in accordance with the Codes of Ethics for
training meal, in a sample of 28 professional footballelResearch Involving Human Beings of the World Medical
from the Italian first division to observe the possibléssociation (Declaration of Helsinki), approved by the
changes such administration could produce in analyticilnta de Andalucia with internal code: 2061-N-21 and
and morphological parameters. Figure 1 describes theesented in certificate CEI VM-VR_06/2021/N. The
general intervention of the study. athletes signed an informed consent form explaining the
purpose and protocol of the study.

The components and proportions of the product
administered in sachets are detailed in Table |. Tt®tatistical Analysis The means and standard deviations
manufacturing laboratory also produced a placebo produiftall the parameters analyzed were calculated. Shapiro-
with a similar organoleptic appearance, containin@Vilk tests were performed to check the normality of the
maltodextrin, citric acid, flavorings, silicon dioxide,variables and, since this condition was always met, the
coloring and sweetener. Both products were administer8dudent’s t-test was performed to observe whether
dissolved in 250 ml of pineapple juice. Laboratory analyseggnificant differences existed in the variables studied.
were conducted to ensure that the product was free of

doping substances. The variations from pretest to post-test were then
calculated for all players, and the means and standard
Table I. Composition of the intervention product. deviations of these variations were obtained. Student’s t-
CONTENT PER ENVELOPE tests were performed again to determine whether
(DAILY DOSE) significant differences existed in these variations, which
L-glutamine 2000mg we estimated would be due to the supplementation
Bromelain 2500 GDU*/g 500 mg (1250 GDU)  administered. The effect size was also calculated using
Montmorency cherry conceate 480 mg Cohen’s d.
N-acetylcysteine 300 mg
Vitamin C 200 mg Effect sizes were interpreted according to Cohen
Quercetin 50mg (1988): minimal effect (<0.20), small effect (0.20-0.50),
4nc 10mg moderate effect (0.50-0.80) or large effect (>0.80). If
Selenium 5519 differences are significant (p < 0.1) and the effect size is

*The GDU or ‘gelatin digestion unit"is a measurement used to quantiy,yqerate or large, supplementation is indeed effective. If
the acthl'ty of the enzyme br_omglaln, which is found in plneapple and h?is e
proteolytic properties, meaning it can break down proteins. ifferences are quasi-significant (0.05 < p < 0.1) and the
effect size is moderate or large, this may indicate that the
intervention is effective but was too short or the number
Test At the beginning of the study, the Friuli Coranof subjects in each group was too small and longer
laboratory in Udine (ltaly) performed a complete bloodnterventions or more subjects would have made a
analysis, with antioxidant, inflammatory, hormonaldifference. This is also interpreted as a positive result.
biochemical, blood count and mineral profiles.
Additionally, the pretest to post-test variations of
A full-body dual-energy X-ray absorptiometryboth groups were pooled and Pearson correlation
(DEXA) was conducted to measure body compositiopoefficients between the study variables were determined.
parameters (GE Healthcare Lunar iDXA model, Madisor,he following thresholds were used: trivial (<0.1), weak
WI, USA), evaluating total lean mass, fat mass and i(§.1-0.3), moderate (0.3-0.5), strong (0.5-0.7), very
percentage and lean mass in the lower limbs. strong (0.7—-0.9) and almost perfect (>0.9) (Hoplihs
al., 2009).
This was followed by a 4-week intervention period,
after which blood tests were repeated in the same laboratBlgSULTS
and the DEXA study was performed under the same
conditions as in the first intervention. Among all the biochemical parameters measured,
we selected those that could be related to the administration
Samples were always taken in the morning, betweei the proposed product by effect size. We present these in
8 and 10 a.m., after an overnight fast of at least 8 houible Il. Most of these variables, except calcium, are related
Blood was drawn from the right arm at the level of the elbot® iron metabolism or the immune system. All effect sizes
flexure, from the antecubital vein, with the subject seatecare moderate to high.
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Table II. Descriptive statistics of the study variables. Values before the intervention, changes after the interventimt sindsffhen
comparing the changes between the groups.

Experimental group (n = 15) Control group (n =13) Differences
Variables Pretest Changes Pretest Changes ,
| h
Average +sd Average *sd Average *sd Average +sd pvalue Cohen's «
*%
,Fffg,ﬂf_"’d cells 5.06 +0.20 0.06 0.221 508+035  -0.11+027t 0074 0.70
Haemoglobin** g/dL 15.08 £ 0.90 029 + 0.671 1498+090 -0.20+0.73t 0073 0.71
Haematocrit**
exprossed as % 4549 +2.46 047 + 1.751 4538 +248 -091+1.98t 0061 0.74
N i{t(;‘;ﬁt" granulocytes 5554053  -0.05+0.049%  233+1.04  -0.64+074# 0020 093
Basophil 0013+0035 -0.007+ 00261 0015+0038 0015+0.038t 0079 -0.69
granulocytes* x10/pl ML= SO = M= D= . :
Lymphocytes*
expressed n % 43.46 +7.56 0.82+544#  4614+845 447 +754# 0041 -0.80
Total iron ** pg/dL 85002260 2080+4479t 9446+2834 -8.60+3287t 0061 0.75
g‘;'/cd't‘m i 9.81+0.21 017 + 0.26%# 988+0.41  -0.12+0.40# 0033 084
Hg/’gfl_fe”'” . 24747+ 1650 800+ 1631## 25115+ 3044 -9.60 + 1337##  0.005 119
f*arﬁé‘;"éel_d transfermin  5800+1808  1664+3583t 755742268 -6.95+2630t 0061 075
T3 free™ pmol/L 550 + 0.44 0.16 + 0.321 571+050  -0.06+0.3t 0087 067

*Significant differences between the groups before the intervention (p < 0.05); **Significant differences between the fpreupe be
intervention (p < 0.01); TQuasi-significant differences in the changes experienced by the groups after the interventipr @I <
#Significant differences in the changes experienced by the groups after the intervention (p < 0.05); ##Significant difféehences
changes experienced by the groups after the intervention (p < 0.01).

Regarding the variables with a statistically significant ~ Significant and strong correlations were identified
variation, we highlight transferrin, calcium, lymphocytes anfetween calcium variations and various haematological

neutrophils, although parameters such as haemoglotfigrameters, including variations in the number of red blood
presented almost significant variations. cells (r = 0.589; p = 0.001), haemoglobin concentration (r =

0.595; p = 0.001), haematocrit (r = 0.589; p = 0.001) and

The DEXA values obtained in the evaluations indicatéotal iron (r = 0.570; p = 0.002). Likewise, significant
that during the intervention period, the players improvegprrelations were found between transferrin variations and
their body composition in terms of reduction of fat masted blood cells (r = 0.506; p = 0.006), haemoglobin (r =
and increases in lean mass in the lower limbs, althoughQ30; p = 0.004), haematocrit (r = 0.581; p = 0.001) and
neither case significantly, as shown in Table Ill. Table I\yotal iron (r = 0.519; p = 0.005). Furthermore, a very strong

shows the main parameters related to the antioxidant efféefrelation was observed between calcium and transferrin
of the product. variations (r = 0.620; p < 0.001). Figure 2 shows the highly

Table Ill. Descriptive statistics of the study variables measured by DEXA. Values before the intervention, changes fteetiiom
and effect sizes when comparing the changes between the groups.

Expefimental group (n = 15) Control group (n =13) [Xfer ences
Variables Pretest Changes Pretest Changes ,
Mean + sd Mean + sd Mean + sd Mean + sd p-value Cohen's d
Total lean mass kg 67.10 £ 1798 3.53+14.91 71.00 £9.05 -0.92+1.46 0.315 042
Fat masskg 9.46 £1.61 -0.31 £ 0.36 9.94 +£2.389 -0.63 + 0.65 0.124 0.61
Fat mass % 11.35+216 -0.29 + 0.52 11.64 £252 -0.52 + 0.61 0.321 0.40
Lean mass in lower limbs kg 26.79 £ 2.96 0.37+0.38 2727 +4.42 0.19+ 058 0.358 0.36
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significant correlations, highlighting very strong and close to perfect relationships between the variables analyzed.

Table IV. Parameters related to the antioxidant effect. Values before the intervention, changes after the interventirsaes affeen
comparing the changes between the groups.

Experimental group (n = 15) Control group (n =13) Diferences
s P Cvms PSS e ot
2Lﬂ:gg:gg’nﬁ’iﬁgﬁ‘_' 236507 £108.05  27.53 + 12546 2367.77+15390  57.92+17288 0596 -0.20
r?]i?gg;ﬁt::yl?aRR 34473 + 5450 51.53 +71.42 334.40 + 4889 7631+6547 0350 -0.36
Serum zinc pg/dl 81.00 + 10.30 12,93 +10.98 75.23 +13.26 1585+1578 0571 -0.21
Q10ugl 49477 + 12759  348.36 + 321.20 51843+ 18261  26565+35829 0525 -0.21

600+
400
- -
o
g é‘:' 200
5
o
2
g E o
g T
[T}
I
2100
- r=0.984; p =0.000 a00] r=0.979; p=0.000
T T T T T T T T T T T T
-50 =25 oo 25 50 75 -50 -25 i) 25 A0 Is
Red blood cells (Exp6/pL) Red blood cells (Exp6/pL)
€00 2000
4004
1000
- )
= =
= 2004 g
=
= S
g g a0
g 5
D 007 E
T -
-10.00
=200
o r=02964; p=0.000 r=-0.793; p = 0.000
-4 00— -20.00
-?.IOD -1 IOD .UID 1 BD 2 6[} -2-'03 -1 -‘00 .‘J‘U 1 IDO
Hemoglobin (g/dL) Neutrophilic granulocytes (Exp3/uL)

Fig. 2. Significant correlations of the variables studied.
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DISCUSSION

In this study, a significant improvement in ironof vitamin C further enhances its absorption. These strategies,
metabolism-related variables, such as haemoglobialthough not specifically addressed in our protocol, could
haematocrit and serum iron levels, was observed aftee integrated into future studies to improve the results
specific supplementation. These results underline the cruciditained. Nevertheless, the athletes had a balanced diet
role of personalized nutritional strategies in the recovery asdmplementary to the nutritional protocol under study.
performance of professional footballers.

L-glutamine supplementation for 3 weeks

Recent studies reinforce that iron metabolism isignificantly increases immunoglobulin A and nitric oxide
athletes can be compromised by high physiological demarahncentrations in saliva, reducing the incidence of upper
exercise-induced losses and low-grade inflammatioespiratory tract infections in athletes, according tetal
generated by high-intensity activities. Peeling & McKay2024). However, we did not observe these effects in our
(2023), highlight that subclinical inflammation and increasemhtervention, although we observed improvements in other
hepcidin levels decrease iron bioavailability, negativelimmunological parameters, such as an increase in neutrophil
affecting oxygen transport and aerobic performancgranulocytes.

Consistent with our findings, supplementation with

antioxidants such as NAC and quercetin appears to have a  Grabset al (2017), observed that in vitro treatment

positive effect by mitigating inflammation and optimizingwith bromelain selectively eliminates molecules from the

circulating iron levels. cell surface that can affect the migration and activation of
lymphocytes and neutrophils, which could partly explain the

Tavares-Silvaet al (2021), link inflammatory status anti-inflammatory influence. We did not observe these
and iron metabolism. They suggest that underlyinignprovements in our intervention, although the dosages and
mechanisms involving low-grade subclinical chronimumber of doses in our case differed.
inflammation along with changes in hepcidin levels affect
iron metabolism, resulting in lower serum iron levels. Authors such as Yavaet al (2015), consider that

the intake of antioxidants in the diet is insufficient and that

The benefits of supplementation in athletes are natlditional antioxidants are needed. Studies on young elite
limited to iron metabolism. Fernandez-Lazat@l (2022), footballers have concluded that, after training or during
observed that athletes undergoing hypoxic training programsmpetition, an excess of free radicals is produced and,
showed significant improvements in haematologicaherefore, oxidative stress, which could reduce the
parameters, such as erythropoietin and reticulocytes, as vedfectiveness of the antioxidant system (Djordjesial.,
as an increase in haemoglobin and haematocrit. AlthougB12). Therefore, from a preventive viewpoint, a diet rich
our study did not include specific training interventions sudn antioxidants such as fruits and vegetables is recommended
as the one mentioned above, the results reflect simil@layediet al, 2018).
improvements in the same haematological parameters due
to nutritional intervention, which reinforces the effectiveness Supplementation with tart cherry concentrate in
of supplementation in optimizing oxygen transport anohtermittent sports such as football, in which inflammatory
improving physical performance. and oxidative stress markers were measured, is a suitable

tool to optimize and accelerate recovery in athletes when

Likewise, Ragoet al. (2022), highlight that ingested days before and several days after a competition
accumulations of intense loads during training an¢Rojano-Ortegat al, 2021).
competitions can compromise iron stores in elite athletes.

In our study, the positive correlation between transferrin and Other interesting compounds are available, such as

parameters such as haematocrit and haemoglobin supparifoxidant supplementation with quercetin and NAC to

this relationship, underlining the importance of monitoringmprove training parameters, which positively affect

and correcting iron levels during intense competitive periodecovery, adaptation and performance in the athlete
population (Lamperecht 2015).

The timing of supplementation is also key to its
efficacy. Peeling & McKay (2023), recommend In a study of non-professional triathletes, Refaal
administering iron supplements immediately after exercig2018), found that quercetin administration improves recovery
to exploit lower hepcidin levels and maximize intestinaspeed and performance-related parameters. Particularly, it
absorption. Additionally, combining iron intake with sourcedmproves recovery time. In our study, at lower doses, we

959



MOLINA-LOPEZ, A.; ESTEVAN-NAVARRO, P.; LEO-ROMERO, A.; MOYA-AMAYA, H.; ROJANO-ORTEGA, D.; CASANOVA, E. & BERRAL-DE-LA-ROSA, F . J. Effects of a specific
supplementation on therecovery of the professional football playei. Morphol., 43(3954-961, 2025.

observed improvements in parameters such as haemoglobin  Although the intervention had a positive impact, the
and haematocrit, which are related to better recovery aimdegration of additional strategies, such as optimizing the
performance capacity. Although the antioxidant effects of theaming of administration and combining it with specific
athletes’ aerobic exercise did not reach statistical significan¢eining, could further enhance the results.

they probably contributed indirectly to the modulation of

inflammation and the improvement of iron metabolism Limitations and Future Proposals

We observed no significant differences in the Although the results are encouraging, the short
antioxidant effect indicators, measured through antioxidadtiration of the study may have limited the observation of
biological potential and reactive oxygen metabolitesnore significant changes in antioxidant parameters and body
between the groups subjected to the intervention with tikemposition.
product and the placebo control (Table 1V). In 2020During high performance, it is difficult to maintain a placebo
Fernandez-Lazaret al. (2020) associated seleniumintervention for a long period throughout a competition.
supplementation with an increase in endogenous antioxida&uditionally, the lack of control over dietary antioxidant
capacity; however, the time required to observe this effeictake and strength training performed in the gym could have
was not specified, which hinders direct comparison with oimfluenced the final results. In future studies, it would be
findings, where this benefit was not detected. useful to consider the following:

However, the increases in calcium levels observed.onger interventions extend the supplementation period
in our sample could be associated with an improvement ito evaluate long-term effects on antioxidant, inflammatory
muscle contraction, since continuous training contributes t@nd metabolic parameters.
optimizing muscle function, which increases the demand foiStricter dietary control: monitoring and standardizing
calcium to support contractile function (Snijdetal, 2019).  dietary intake of antioxidants and other essential nutrients.
Nevertheless, it is notable that in our intervention, calciumincorporation of specific training protocols, such as altitude
was not administered through the supplement; thus, thisr hypoxic training, to compare their impact on iron
increase could be due to factors inherent to the training anchetabolism with that of supplementation.

not to the direct calcium administration. - Adjusted doses to evaluate higher doses of key antioxidants
and their effect on parameters of oxidative stress and
CONCLUSIONS inflammation.

We observed an improvement in some variableSCKNOWLEDGEMENTS . We thank Udinese Calcio
related to iron metabolism. This can be explained by tt&PA, Unifarco SPA and Pablo de Olavide University for their
supplement containing components that could improve iraollaboration in the development of this study
absorption in the intestine and protect against the degradation
of red blood cells. MOLINA, L. A.; NAVARRO, P. E.; ROMERO, A. L.; MOYA,

A. H.; ROJANO, O. D. CASANOVA, E. & BERRA DE LA

especially haematocrit and haemoglobin, can positiveg%clu‘);(;ggié” del futbolista profesioriat. J. Morphol., 43(3p54-
impact physical performance, especially in endurance™ '

f”mt'v't'es such as running, swimming or cycling, as they RESUMEN: Un jugador de fatbhol profesional durante las
Improve oxygen transport. 38-40 semanas de un campeonato se enfrenta a numerosas sesiones
de entrenamiento de alta intensidad, con un elevado estrés fisico y
Most of the compounds in the proposed supplemeniental. Esta situacion requiere un proceso de adaptacion constante
stimulate the immune system, which may explain the los ciclos de entrenamiento y al calendario de partidos. El
increase in neutrophil granulocytes. rendimiento puede cuantificarse mediante biomarcadores
bioquimicos y parametros fisiol6gicos, morfolégicos y fisicos. En
Although most of the compounds present in th&ste estudio, se ha,qdministrado .después de los ent.r'enam.itlentos, un
uplemento especifico para mejorar la recuperacion, utilizando

" ianifi ti ¢ din th ompuestos destinados a mejorar el perfil antioxidante,
properties, no significant improvement occurred in _gntiinflamatorioeinmunolégico. El estudio se llevo a cabo durante

parameters evaluated in this regard. It would be interestiRgatro semanas de competicién en un equipo de fitbol italiano de
in future research to evaluate this effect more precisely Byimera division compuesto por 28 jugadores profesionales. Se
modifying the doses of the components, the posology or thstablecieron dos grupos, uno que tomaba el producto (n=15) y
intervention time. otro que tomaba un placebo (n=13). Antes y después de la
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